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ABSTRACT
The purpose of this study was to create a process to
gather warehouse drop height data for an over-the-counter
pharmaceutical company. The Food and Drug Administration's
Current Good Manufacturing Practice for Finshed
Pharmaceuticals was applied during the development and
collection of data. The process created during this study
proved to be successful in collecting acurate data which
will later be used to produce a focused simulation test.
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1 . 0 INTRODUCTION
Companies no longer see packaging as something to just
hold a product. Packaging can be used as much more: for
advertising, for safety, for marketing promotions, and so
on. At the same time, packaging in some cases can be the
most costly part of manufacturing and uses the most
resources. As a result, many companies have targeted
packaging as a potentially significant area for resource
reduction and cost savings.
Investigating new packaging possibilities requires
accurate data about how a package performs and the
environment. Specifically, will a reduction or change in
packaging still adequately protect the product?
One way to investigate and justify decreases in package
materials is to conduct distribution tests. Since more and
more companies are looking at focused simulation studies, a
process used to gather reliable drop height information is
necessary. This paper outlines a method that has proven to
be successful in collecting drop data within the order
picking process for an over the counter (OTC)
pharmaceutical company.
HYPOTHESIS
The new process will provide the means for collecting
valid drop height data in a warehouse setting.
REASON FOR STUDY
Over the past few years, McNeil R&D Technologies has
acquired increasingly sophisticated monitoring/testing
equipment and knowledge. Now, these resources will allow
more precise packaging studies than McNeil has performed in
the past.
In addition to having the right equipment and resources,
the other driving factor for more precise package testing
is to fulfill a company goal: Johnson & Johnson has called
for a considerable reduction in packaging by the year 2000.
To support this company-wide initiative, it is necessary to
prove that a change in packaging materials will leave
sufficient integrity to protect the product.
To perform distribution testing, McNeil currently
utilizes the industry standard, ASTM D-4169 (American
Society for Testing and Materials D-4169 Performance
Testing of Shipping Containers and Systems) . This commonly
used test attempts to simulate distribution hazards in a
laboratory setting. With minimal actual field data, the
potential for overtesting exists when using ASTM-4169.
A literature search turned up a number of papers and
articles on drop test results and analysis, but the
writings did not specifically outline the process used for
collecting this data. The main focus was on analyzing data
after it was collected, therefore a process gap was
identified.
Additionally, the writings revealed that drop height
recorders were placed directly into production shippers.
Within an OTC pharmaceutical company, this is not possible
since the Food and Drug Administration's (FDA) Current Good
Manufacturing Practices (CGMP) would be violated. Part 211,
Subpart G - 211.125 Packaging and labeling
operations1
states that the contents of a package must be accurately
reflected by the labels or labeling. Due to these
regulations, a new method of data collection was needed.
Due to the generic nature of ASTM-4169, McNeil needed a
new, focused simulation test based on actual events that
occur in its distribution environment in order to make more
informed packaging decisions. Once the testing is
completed, it will either justify downgrading the packaging
or defend a decision to maintain current packaging levels.
Either way, a revised, more specific test will endorse
packaging decisions that are made.
1 U.S. Food and Drug Administration. Code of Federal Regulations -Current Good
Manufacturing Practice For Finished Pharmaceuticals. Subpart
G- Packaging and Labeling
Control. 211.130 Packaging and Labeling operations. (August 3, 1993): 34-35.
STUDY OBJECTIVE
With an information gap clearly defined, this study was
designed to compile the information required before
conducting drop height testing. Depending on the industry,
some parts of this process will not be applicable, but a
solid basis for collecting drop height data has been
created. The process for monitoring drops during manual
handling can be used "as is," or it may be a starting point
for additional testing.
2.0 REVIEW OF RELATED LITERATURE
Historically, little has been published on collecting
drop height data in a distribution environment. However,
the kinds of distribution testing are well defined.
DISTRIBUTION TESTING
There are three primary types of distribution tests.
They are integrity testing, general simulation, and focused
simulation2. (Figure 1) Which test a company chooses depends
on its specific needs and defined outcomes, as well as
resources and equipment required.
Figure I2 - Selecting Test Approaches
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Young, Dennis E. "Strategic Transport Packaging Performance: Linking Product and Package
Evaluation to Corporate
Objectives." IoPP Technology Conference, Chicago, II (Nov.
1995) : 1-6.
Integrity Testing
Integrity testing is the most general of the three
tests. An integrity test tends to exaggerate damage and
hazards. It is used mainly to identify weak products and/or
packages. An example of an integrity test is the
International Safe Transit Association (ISTA) 1A procedure.
This procedure consists of a vibration test followed by a
series of ten package drops, including one corner, three
edges and all six
faces.3
If a company utilizes integrity
testing, the package engineer must emphasize creating a
robust package rather than a resourceful package.
General Simulation
The next level of distribution testing is general
simulation. An example of a widely used general simulation
test is ASTM D-4169. D-4169 offers a more specialized test
than the ISTA 1A integrity test. Also, it can be used in
its present form by just about any company with any
distribution environment. Because of this flexibility and
convenience, it is the most common type of distribution
test .
According to the annual book of ASTM standards, D-4169
can be used in a packaging laboratory to predict the
likelihood that a package will travel successfully through
the distribution environment without causing critical
damage to the product. "This is accomplished by subjecting
packages to a test plan consisting of a sequence of
anticipated hazard elements encountered in various
distribution
cycles."4
Altogether, there are twelve drops on
different panels of the shipper. The weight of the shipper
and assurance level determines the test drop heights.
Overall, the hazard elements in D-4169 are conservative and
the chances that a package will encounter all of the
Young, Dennis E. "Using Distribution Testing to Optimize the Functionality of your
Transit
Packaging." Pira International (1998) :l-7.
4
Annual Book of ASTM Standards, ASTM D 4169-94 Standard Practice for Performance Testing
of Corrugated Shipping Containers, Philadelphia, PA. vol. 15.09 (1996): 549.
elements or the severity mentioned in D-4169 are contrary
to expectation.
Depending on the industry or type of product shipped, an
assurance level is chosen, with assurance level 1 being
most rigorous and assurance level 3 being least rigorous.
Like the majority of industry, McNeil currently tests at
this general simulation level using ASTM 4169. After
monitoring the distribution environment, McNeil plans to
proceed to next level, focused simulation.
Focused Simulation
Focused Simulation, or Field-to-Lab testing, is the
last type of distribution testing. This test is a
reenactment of actual events that happen within the
distribution environment.
Generating a focused simulation test is not an easy
task. It requires advanced monitoring equipment and a huge
commitment from the parties involved, since creating a
Field-to-Lab test can take years. To obtain a complete
test, data is collected from five major categories:
environment, vibration, compression, shock, and inspection.
Due to seasonal changes, monitoring some of these
categories should take place over the course of a year.
Shock: "Throughout the distribution system packages are
manhandled and mishandled in various ways. They are
dropped, thrown, kicked and otherwise roughly abused.
Packages may fall from conveyers or forklifts and crash to
the floor. They are also subjected to a variety of vehicle
impacts; trucks starting, stopping, hitting potholes and
railroad crossings, railcar humping, jolting and other
moderately violent actions. In each instance the package
suffers an impact with another object. This impact results
in a mechanical shock to both objects. Mechanical shock
occurs when an object's position, velocity or acceleration
suddenly
5
Brandenburg, Richard K. and Julian June-Ling Lee. Fundamentals of Packaging Dynamics
Fifth Edition, (New York: L.A.B, 1993): 73.
Environment: Lately, "environment" has been a point of
interest for the Food and Drug Administration (FDA) . They
have begun to ask pharmaceutical companies to monitor the
temperature of active ingredients and finished goods during
storage and distribution. This is to assure that drug
compounds remain efficacious when exposed to environmental
conditions. It is speculated within the industry that the
FDA will eventually require this information whenever a new
drug application is filed. In anticipation for this
possible new requirement, our company is collecting this
data now.
Vibration: Like shock, vibration plays a major part in
damaging products. Vibration in the simplest of terms is "a
quick motion of an object back and forth in a straight line
on both sides of a center position"6. Every form of
transportation within a distribution system will produce
some amount of vibration. This includes trucks, forklifts,
railcars, airplanes, and even hand trucks. Most vibration
is harmless, but complex mechanical vibrations can lead to
physical damage. Because of this, vibration should be
thoroughly investigated when creating a Field-to-Lab test.
Compression: Compression damage occurs when a face or
faces of a component are pushed together. Although measures
are taken to avoid damage due to compression, breakage can
still occur. This is mostly due to poor communication
between the package engineers and distribution centers.
For example, a package engineer designs a shipper strong
enough to support double stacking. It is assumed that the
warehouse (s) will only stack pallets two high. The reality:
that same shipper may arrive at the warehouse which is
having a space shortage and without realizing shipper
constraints, the workers triple stack pallets and damage
results. In this kind of situation, damage is inevitable.
Unfortunately this scenario occurs in every industry.
One of the ways to keep this from happening is to conduct
field studies. Knowing the
"real" distribution environment
as opposed to the
"accepted"
environment is critical when
6
Webster's II New Riverside Dictionary Revised Edition, (Boston, New York: Houghton
Mifflin Company, 1996): 752.
designing a package. Not only that, it can save a company
millions of dollars lost to cosmetic damage of packaging.
Inspection and Function Check of the Product: Many books
and articles leave out this last category as part of the
distribution test. It is just assumed that package
laboratories inspect the product before and after testing,
but assumptions should not be made. This is a crucial
detail that companies cannot afford to overlook.
Inspection before conducting a ship test is just as
important as the test itself. If damage is not detected
before a product is subjected to a ship test, the test,
environment, or even the package may be subject to undue
scrutiny.
Testing the product after it has been through
distribution is another essential step. In some cases, the
package looks fine after testing but the product inside
suffers damage. Most likely, the damage will be aesthetic
and the product will be acceptable for consumers, but this
is a risk that pharmaceuticals company should not take.
Prevention: Even though prevention may be the best answer
to a problem, it is frequently ignored. There are examples
in industry where a small part of the distribution process
is responsible for the majority of damage. In a case like
this, re-training may be the easiest and most logical
solution. However, before prevention can take place there
must be a thorough understanding of the entire distribution
system.
3.0 BACKGROUND INFORMATION
EXEL LOGISTICS
Johnson & Johnson uses Exel Logistics to store and
distribute product via its three major hubs located in
Mechanicsburg, PA, Ontario, CA, and Memphis, TN. Each are
run and operated the same way. This study was conducted at
Mechanicsburg, PA.
Within the Exel system, McNeil product is placed in one
of three places depending on demand: fast-pick aisle, slow-
pick aisle, or warehouse racks.
Merchandise that is frequently ordered is put in the
fast-pick aisle. Any new or seasonal products are rotated
in and out among the principal commodity items. One of the
differences between the fast and slow aisles is quantity.
The fast-pick aisle consists of pallets that are stacked up
to three high (approximately 160") and three deep. Pallets
line both sides of this aisle. (Figure 2)
The slow-pick aisle is next to the fast-pick aisle and
marks the start of the racking systems. Product put in the
slow aisle is chosen, but not as frequently. Generally,
there is only one palletload of product in the slow aisle.
The fast aisle may contain up to nine pallets of a
particular product code. The rack heights are much higher
than the fast-pick aisle. The bottom rack starts at 3" with
a
60"
opening. All racks have the same dimensions. Based on
the measurements, the maximum possible height for a double
stacked pallet is 245". (Figure 3)
The rest of the warehouse racks are used for storing
excess amounts of product. There are four tiers of racks
that make up ten aisles. Each section of racking can hold
up to five palletloads. Typically, there is one pallet in
each of the bottom racks and a double stack at the top.
Like the slow pick aisle, the maximum height of a double
stacked pallet is 245". (Figure 4)
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Figure 4 - Exel Logistics Racking System
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In addition to pallet locations, understanding shift
assignments is important for explaining data and for
creating a test that compiles data from typical warehouse
trips to the worst case scenarios.
Exel has three shifts. The responsibilities of each
shift vary. First shift has eighteen workers and fills
about 10% of orders. The primary objective is to prepare
the warehouse for later shifts.
Second shift has twenty-seven workers and picks around
35% of orders. This shift utilizes the most workers and
focuses on palletizing mixed orders. Since second shift is
responsible for the most manual handling, they are most
likely to drop the shippers.
Third shift finishes picking the mixed pallets and then
concentrates on picking full palletload orders. Due to the
large volumes, they are able to pick 55% of orders with
only twenty-four workers. In one day at Exel, twenty-five
thousand cases are moved each day.
3 . 0 SCOPE
DISTRIBUTION CYCLE AND PICKING PROCESS STEPS
Figure 5 - Flow Chart of The Distribution Cycle of a McNeil
Product
Packaging Site
Handling 1
Packaging Site to
Finished Goods
DC OTR 1
Finished Goods
DC Storage 8,
Handling
Finished Goods
DC Picking
Process
Finished Goods
DC to Customer
DC OTR
Customer DC Customer DC
Picking Process
Customer DC to
Retail Stores OTR
Customer Stores
HandlingStorage & Handling
Figure 6 - Flow Chart of the Steps of the Finished Goods
Picking Process
Customer Order
Received
Order Picked Order Confirmed
Pallet prepared for
shpment
The unshaded blocks are other pieces of the distribution
environment which will be subsequently evaluated and used
when forming a complete focused simulation test.
*OTR- Over the Road
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4.0 TEST MATERIALS AND EQUIPMENT
RECORDING DEVICE
The measuring device used in collecting drop height data
is the Lansmont Shock And Vibration Environmental Recorder
(SAVER) . The SAVER contains a triaxial accelerometer,
which collects data from the X,Y, and Z axes. The SAVER
unit is compact and weighs about three pounds.
During this study, six recorders were used. For
consistency and to help maintain order when configuring and
downloading the units, the serial numbers were noted from
each of the unit. This was done to insure that the same
unit would go into the same size shipper each trip.
For example,
SAVER 0434-001 and SAVER 0422-015 always went into the
small shippers.
SAVER 0440-040 and SAVER 0422-017 would go into the
medium shippers .
SAVER 0440-044 and SAVER 0422-018 were put into large
shippers .
Recorder Configuration
The configuration of the recorder is a key part of
monitoring drop heights. Figure 7 shows a sample of the
configuration used for each trip.
The original SAVER profile was set to collect 3.7 days of
timed data and anything that broke the threshold of 5 g's.
During the first trip, there was a four day delay. Even
though the SAVER collected data, the SAVER units were
reset to collect seven days of timed data.
The other important piece of information included in the
configuration was data overwriting. The SAVER was set to
collect drop height data until it was full. After that, the
unit would automatically record over the smallest drop if a
larger number were captured.
15
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Figure 7 - SAVER Configuration File for Monitoring Drop
Height Data
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SHIPPERS
The third step in the process was deciding what size
shippers should be monitored. As a starting point, every
McNeil shipper was put into an Excel spreadsheet. The
spreadsheet included the following columns: case cube
(LxWxH) , shipper length, width, height, weight, and yearly
forecast .
After all the information was collected, the spreadsheet
was sorted according to case cube (putting the shippers
with the same footprint all together) . From there,
production volume for each of the sizes was multiplied, and
a small, medium, and large shipper was chosen based on the
highest forecast.
Since only six SAVER units were available, the other
shippers on the pallet needed to contain something that
took a similar amount of space as a SAVER and weighed
three pounds. Plastic bags filled with play sand were used
to fill the required space. In all, two hundred and fifty
bags were made and sealed inside the rest of the shippers.
The sizes & weights of the shippers were as follows:
Small 13.44" (L)x 7.82" (W) x 4.69" (H) - 3.80 pounds
Medium 12.57" (L)x 12.57" (W) x 5.88" (H) - 16.00 pounds
Large 20.75" (L)x 14.13" (W) x 12.56" (H) - 11.73 pounds
The shippers were constructed of 200-lb Mullen, C-flute
board and included standard McNeil graphics. As part of
McNeil graphics, a product name and product code was
assigned. The mock product was called SAVER, and the
product codes were 82601 for the small boxes, 82602 for the
medium, and 82 603 for the large. (Figure 8)
The final part of designing the shippers was printing a
lot and expiration date. Since McNeil is currently
undergoing a change (half of shippers are printed by ink
jet, half are stickered) a choice had to be made.
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Once the options were examined, the natural choice was
labels. The warehouse has been seeing them for years.
Besides, the ink jet characters created in the lab were too
small to accurately represent in-line printing.
CUSHION
Since the SAVER unit is very expensive, the package
system surrounding it is important. It was known from the
beginning that the ideal system would immobilize the SAVER
and protect it from the lOOg damage threshold. Since drop
height is calculated from the acceleration of an event, a
polyethylene cushion could be used without skewing the drop
height results recorded by the SAVER. This was verified
through controlled laboratory drop studies at known drop
heights. (Table I, next page)
Based on the results, a polyethylene cushion was
selected. Polyethylene had all of the qualities needed. It
was strong yet it had resilience, unlike its polystyrene
counterpart. (When the polystyrene cushion was dropped, it
retained an indent and the SAVER had room to move.) Last
of all, when the SAVER was put into a polyethylene
cushion, it recorded a drop within 0.15 inches of the
actual height.
Once polyethylene was picked as the cushion, more weight
had to be added to the package system. While polyethylene
is denser and heavier than polystyrene, it still was not
heavy enough. To simulate the pre-determined weights, wood
inserts were added to the medium and large shippers.
Figures 9, 10, & 11 show the assembly drawings for the
finished package.
20
Table 1 - Laboratory Drop Test Results from a Known Height
Small
SAVER
Medium
SAVER
Large
SAVER
Drop
#
Height
(in)
Shipper
Orientation
Drop
Recorded
(in)
Drop
Recorded
(in)
Drop
Recorded
(in)
1 20 Barcode Flap 19.78 19.91 19.78
2 20 Top 19.78 19.91 19.78
3 20 Bottom 19.78 20.16 19.78
4 12 Bottom 11.79 11.98 11.79
5 36 Bottom 35.89 35.89 35.89
6 36 Glue Flap 35.72 35.72 35.72
7 12 Top 11.69 11.79 11.69
8 28 Bottom 27.75 27.9 27.75
9 28 Barcode Flap 27.9 27.75 27.9
10 20 Glue Flap 20.03 19.78 20.03
11 12 Barcode Flap 11.79 11.88 11.79
12 28 Top 28.05 27.75 28.05
13 36 Top 36.06 35.72 36.06
14 28 Glue Flap 27.9 27.61 27.9
15 36 Barcode Flap 35.56 35.72 35.56
16 12 Glue Flap 11.98 11.88 11.98
17 28 Top 27.9 27.75 27.9
18 12 Bottom 11.79 12.07 11.79
19 20 Bottom 19.78 20.16 19.78
20 20 Glue Flap 19.91 19.78 19.91
21 36 Barcode Flap 35.56 35.72 35.56
22 36 Bottom 35.89 35.72 35.89
23 28 Bottom 27.9 27.9 27.9
24 20 Barcode Flap 20.41 19.91 20.41
25 20 Top 19.66 19.91 19.66
26 36 Glue Flap 35.89 35.72 35.89
27 28 Barcode Flap 27.9 27.75 27.9
28 28 Glue Flap 27.9 27.75 27.9
29 12 Glue Flap 11.88 11.98 11.88
30 12 Top 11.69 12.07 11.69
31 36 Top 35.89 35.72 35.89
32 12 Barcode Flap 11.79 11.98 11.79
Figure 9
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Figure 10
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5.0 THE PROCESS
The following flow chart was used for collecting drop
height data in Exel's warehouse environment. The numbers in
the chart correspond to the discussion over the next
several pages.
Figure 12
1 Review Distribution
Process 8. Define Scope ?
2. Establish Process
]
- J 3 Gam Approval from
rocess ParticipantsParticipants all F
L
8 Assemble Shipper
components and Test
from known Drop
Heights
(VALIDATION)
7. Order Shippers &
other components
6. Develop Corrugated
Shipper Designs
5. Write a Process Test 4 Develop a Plan with (
DC to Gather Drop Data[
-?
9 Design Pallet
Patterns
10 Assemble Pallet
Patterns with mock
shippers and ship to DC
-?
1 1 . Confirm Delivery
and Location of mock
Pallets with DC
12 Configure and pack
SAVER units into
shippers
13 Deliver SAVER
units to DC and place on
existing mock pallets
1
18 Analyze Data i
1 7 Download Drop 1- 16 Receive order
~ 15 Communicate order
with DC
i- 14 Order SAVER units
& other productsData from SAVER
,
Appropriate g
level ?
Y
-?
19 Decrease or More Tests ,
Required ? ?
20 Create Focused
Simulation Test with
completed data
Increase g level
Y t
24
25
1. Review Distribution Process & Define Scope
Creating a process for collecting drop height data
requires understanding the basic processes and layout of
the distribution center. A clear idea of where product can
possibly be placed also is necessary. To ensure a full
range of data is gathered all areas and typical processes
must be examined.
The scope of the process started at the point in the
distribution chain where the stretch wrap was first removed
from the palletload. Once shippers were unbound, they
underwent "the picking
process." The drop monitoring
continued until the shippers were received into the
customer's dock.
The study made the following assumptions:
Palletloads were not unbundled prior to the distribution
center .
While drop height data was being collected, the packaging
R&D group was monitoring additional elements of
distribution. (E.g. manual handling, vehicle vibration,
etc.) Only after all the areas of damage have been
investigated, will a focused simulation test be created.
This drop testing concentrated on a particular event that
is common to other Johnson & Johnson consumer products:
"The Picking
Process" (Figure 6) . The picking process has
been identified as the area where a product was most
likely to suffer shock and/or damage during manual
handling .
Drop monitoring will continue until an accurate drop
profile can be constructed.
The distribution environment is a limited system with
restricted opportunities for packaging to suffer major
damage .
All data was to be considered relevant. The data that
appeared to be abnormal would be analyzed and an
explanation would try to be reached for unusual
occurrences. When enough data is collected, a correlation
between shipper weight and drop height would be examined.
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2. Establish Process Participants
Study participants included Quality Assurance, the
Computer Systems Group to generate orders, and warehouse
employees .
An important part of this project was keeping the
warehouse employees unaware that recording devices were
inside the SAVER shippers. If this knowledge were to get
out, the entire experiment would have to be stopped. Social
Facilitation research shows that an individuals performance
can improve/deteriorate in the presence of others or during
conditions where the individual thinks he/she is being
observed7. Since the basis for this test is monitoring the
normal distribution environment, it was imperative that
very few people be made aware of this project.
3. Gain Approval From All Process Participants
Approval for the project was needed from Quality
Assurance, Document Control, Distribution Center (DC) ,
Computer Systems Groups (for ordering) , and Warehouse
(McNeil & Exel) .
For this process study, getting approval from all
parties proved to be rather difficult. The pharmaceutical
industry is carefully monitored by the FDA and utilizes
standard operating procedures (SOPs) to remain in check.
Since this particular type of project has never been done,
SOPs did not exist and people were hesitant to give
authorization. Once it was proved that current McNeil SOPs
were not violated, meetings were called with our document
control group and quality assurance to decide how this
project would be documented. A process was created to
control the samples and Exel Logistics was finally
contacted. Two people within the warehouse were made aware
of this experiment. The approval part of this project alone
took two and a half months.
Lindzey, Gardner , Calvin Hall and
Richard Thompson. Psychology (Worth Publishers, 1975)
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4. Develop A Plan With Distribution Center To Gather Drop
Height Data
Before sending the shippers and recorders, a meeting was
called with key Exel contacts. Procedures for getting the
dummy pallets into the DC were discussed.
5. Write A Test Protocol
A test protocol was written to document SAVER trips and
record where the units were at all times.
6. Develop Corrugated Shipper Designs
This step of the process included getting a list of all
production shippers, case dimensions, weights, and
production volumes; narrowing the list down to three;
starting a shipper design in small, medium, and large
sizes; assigning a product code and product name; meeting
with a graphics analyst or shipper plate maker; including
standard shipper graphics, address, barcode, lot and
expiration area, product name, and product code. (See the
TEST MATERIALS section for details.)
As described in the TEST MATERIALS section, a shipper
and cushion system was created to keep the SAVER unit safe
from damage .
7 . Order Shippers And Other Components
An outside company, Source Packaging Inc. was used to
make the cushions for the shippers and cut the wood
inserts .
8 . Assemble Shipper Components And Test From Known Drop
Heights (Validation)
The shipper components were assembled in the Packaging
R&D lab.
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To validate the test design, final packages (three
sizes) were drop tested from known drop heights. Packages
were dropped on four panels: barcode panel, top, bottom,
and glue flap. They were also dropped from four different
heights using a randomly generated matrix to determine the
height & panel. Each package size was dropped 32 times.
SAVER-recorded drops were compared with actual drop height
to calculate a slope and an intercept.
To determine the actual drop height, the recorded drop
height was subtracted from the intercept; the resulting
number was divided by the slope.
9. Design Pallet Patterns
Using CAPE Pack '96 (Computer Assisted Packaging
Evaluation), pallet patterns were created for each size.
10. Assemble Pallet Patterns With Mock Shippers And Ship
To Distribution Center
A 3-pound bag of sand was placed in the shippers
without a SAVER. The assembled shippers were then
palletized and sent to Exel Logistics in a truck not filled
to capacity.
11. Confirm Delivery And Location Of Mock Pallets With
Distribution Center
Two days after the pallets were sent to the DC, the Exel
contact verified their arrival and gave us the aisle and
bin number.
12. Configure And Pack SAVER Units Into Shippers
A small identifying mark was made on the SAVER
shippers, and then they were assembled into palletloads and
stretch wrapped. The location of the SAVER shippers on the
pallet could be manipulated depending on what product was
ordered.
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13. Deliver SAVER Units To DC And Place On Existing Mock
Pallets
Each week, the reconfigured recorders were brought to
Exel during first shift and placed onto the pallets.
14. Order SAVER Units & Other Products
To get a pallet filled with a variety of items and
weights, an order for product was placed through the
Johnson & Johnson Customer Service Center (CSC) . Due to
issues with inventory control systems, the orders for the
SAVER units had to be called in and a manual bill of
lading was written. Later, the Exel contact would attach
the bill of lading to the CSC orders so everything would
arrive on one pallet.
Wherever possible, regular channels were used to place
orders (e.g., computer systems, customer service, etc.).
15. Communicate Order With DC
An e-mail with the CSC order number and approximate
visibility or
"drop" date was sent every week so the Exel
contact could find the SAVER order among the hundreds that
arrive each day.
16. Receive Order
When the pallet arrived, a picture of load was taken for
further analysis. The identifying mark was looked for.
17. Download Drop Data From SAVER
The data was downloaded as soon as the units were
brought to the R&D lab.
18. Analyze Data
To get an exact conversion equation for actual drops
versus the SAVER recordings, each of the SAVER units were
put into the designated shipper sizes and dropped 32 times,
from four separate heights on four different panels. The
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panel drop and height were randomly generated for each
size. When the data was complete, the McNeil statistician
formulated an intercept and slope. When the SAVER units
returned from a trip, the intercept was subtracted from the
recorded amounts. The number was then divided by the slope
to create the "actual drop height."
During this testing, pallets were moved throughout the
warehouse for different drop height readings. It also was
investigated whether unusual data could be replicated.
19. Decrease or Increase g Level
Questions to be asked included whether or not the g
level was appropriate or needed to be increased/decreased,
and whether more tests were required. The increase/decrease
in g levels should be looked at after the first trip. If
little to no data is collected, an increase may be
necessary. If too much data arrives and is clustered around
or below the 1" drop height, an increase in g's could be
used to filter out superfluous data.
To be conservative, data was collected from the 5 g
level throughout this study. As the R&D Lab gets closer to
generating a focused simulation test, an investigation of
the data from the 10 g level will occur.
20. Create Focused Simulation Test With Completed Data
When enough drop height information is collected, a
focused simulation test be devised. To do this, the
accumulated data will be examined from the 5 g and 10 g
levels. For each drop, the event will be looked at to see
what handling event was recorded. A useful tool in
interpreting these events is the paper "Accuracy in the
Testing Protocol for Measured Drop Heights in the
Distribution Environment"8.
8
Goodwin, Daniel L. and Sandeep Goyal. "Accuracy in the Testing Protocol for Measured
Drop Heights in the Distribution
Environment" Rochester Institute of Technology: 1-7.
31
METHODOLOGY AND DATA NARRATIVE
The product orders dropped Tuesday or Wednesday night
and the second or third shift warehouse employees were
given the orders to "pick". After the orders were complete,
they were placed on the dock.
The Return Trip
Early Thursday mornings, the truck drivers would recount
the order and stretch wrap the pallet. The pallets would
leave that morning and be delivered to McNeil on Monday.
Each Monday, the dock would call us to come pick up the
SAVER units. They were unpacked and the data was
recovered. When complete, battery voltage was checked and
the SAVER was reconfigured. Once repacked, they were
brought to Exel for another trip. This process was repeated
until enough data was collected for a focused simulation
test .
Since time was critical during this study as it will be
with most, the return of the recorder was imperative. The
placement on the pallet and the number of SAVERs ordered
played a key part in increasing the return guarantee.
Throughout this testing, every SAVER unit brought to the
distribution center was retrieved.
Due to the importance of the SAVER location, a pallet
pattern marking the units with an X is included in every
trip analysis. Also in the trip analysis is the details of
each order. These are included to show the amount of SAVER
units ordered along with the many different products that
can potentially be put on a common pallet order.
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Trip #1
The first trip was the most difficult. Even though
meetings were called prior to the shipment, there were
still problems. The day the order arrived at Mechanicsburg,
a person other than our two contacts received the shipment
in. There was confusion as to where the pallets would be
stored and what day the orders would drop. Unfortunately,
it took a day to resolve and the order was sent a week
late .
On the other hand, having the shippers around the
warehouse amidst confusion provided us with some very good
data. It appeared that the palletloads were moved all over
the warehouse before they ended up in the fourth tier of
the racking system, six aisles back.
The products ordered in addition to the SAVER shippers
came from the fast and slow pick aisles. Since they were
picked first, the SAVER shippers ended up on the top of
the pallet. Even though it was expected that the large
SAVER shippers would be palletized first, they weren't.
The small was put down with the large, heavier shippers on
top .
TRIP #1 Order
6 cases Tylenol Gelcaps
6 cases Tylenol Caplets
6 cases Tylenol PM Caplets
6 cases Motrin Tablets
6 cases Tylenol Extended Relief Geltabs
10 cases Small SAVER Shippers
6 cases Medium SAVER Shippers
3 cases Large SAVER Shippers
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Figure 13 - Pallet Pattern & SAVER Location for Trip 1
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Trip #2
The next order was brought to Mechanicsburg during the
second week. The SAVER' s were also put into the top racks
of the sixth aisle. Like the first order, the product was
picked before the SAVER shippers and the SAVER'S ended up
on the top of the pallet.
In an effort to collect data from all possible "pick
locations", the SAVER pallets were put in the bottom racks
of the slow aisle for the next few trips.
During this trip a unit did not record any data. After
checking the status of the SAVER, it was found that the
batteries were low. Due to this, the batteries were
replaced every other trip.
Trip #2 Order
6 cases Stuart Formula Vitamins
6 cases Mylanta AR Liquid
6 cases Pepcid AC Caplets
4 cases Small SAVER Shippers
12 cases Medium SAVER Shippers
2 cases Large SAVER Shipper
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Figure 14 - Pallet Pattern & SAVER Location for Trip 2
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36
Trips #3 and #4
The SAVER pallets were moved from the top level to the
slow pick aisle where they were placed in bins on the
floor. Trips #3 and #4 went much better than the previous
two. Everyone who was part of the process seemed to be
expecting the orders and everything went exactly as
planned. At this point, the goal was to keep the process
flowing smoothly.
The product that was ordered was deliberately chosen
because it came after the SAVER shippers. This enabled us
to monitor a pick where the SAVER shippers should be
picked first and would be at the bottom of the pallet. Like
before, the small shippers were laid down first with the
heavier shippers on top.
Trip #3 Order
6 cases Motrin IB Sinus Caplets
3 cases Tylenol Infant Drops
6 cases Imodium Caplets
6 cases Tylenol Cold Caplets
6 cases Mylanta Lemon Liquid
5 cases Small SAVER Shipper
4 cases Medium SAVER Shipper
2 cases Large SAVER Shipper
Trip #4 Order
6 cases Tylenol Cold Tablets
6 cases Tylenol Allergy Sinus Caplets
6 cases Tylenol Flu Powder
6 cases Motrin Caplets
6 cases Sesame Street Vitamins
6 cases Small SAVER Shippers
4 cases Medium SAVER Shippers
2 cases Large SAVER Shippers
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Figure 15 - Pallet Pattern & SAVER Location for Trip 3
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Figure 16 - Pallet Pattern & SAVER Location for Trip 4
Small Pallet Medium Pallet
Large Pallet
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Trips #5 and #6
The SAVER pallets were kept in the bottom rack of the
slow pick aisle for runs #5 and #6. This time, product was
ordered from the fast pick aisle and from the end of the
slow pick aisle. Because of this, the SAVER shippers
should have arrived at McNeil somewhere near the middle of
the pallet. It turned out that many were found near the
bottom. This may be a result of the way the picker selected
the order. Some of the warehouse workers are known to stack
product around the outside of the pallet while picking. As
the worker inspects the order, they push the shippers
inward. Prior to trips #5 and #6, there wasn't any
indication that workers were carrying out this practice.
Trip #5 Order
6 cases Tylenol Sinus Caplets
6 cases Tylenol Caplets
3 cases Mylicon Drops
4 cases Tylenol PM Vials
4 cases Tylenol Vials
4 cases Small SAVER Shippers
3 cases Medium SAVER Shippers
2 cases Large SAVER Shippers
Trip #6 Order
4 cases Nicotrol Refills
6 cases Tylenol Cold Severe Caplets
6 cases Pepcid AC Caplets
2 cases Tylenol PM Vials
2 cases Tylenol Vials
5 cases Small SAVER Shippers
4 cases Medium SAVER Shippers
1 case Large SAVER Shippers
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Figure 17 - Pallet Pattern & SAVER Location for Trip 5
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Figure 18 - Pallet Pattern & SAVER Location for Trip 6
Small Pallet Medium Pallet
Large Pallet
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Trips #7 and #8
The setup for the latest trip appeared to go the
quickest. The units arrived Thursday morning and were
configured by noon. Once they were brought to Exel, turning
on the units and placing them into the bins only took ten
minutes as opposed to the original fifty minutes.
Trip #7 Order
6 cases Motrin 250' s Caplets
6 cases Children' s Motrin Liquid
2 cases Small SAVER Shippers
2 cases Medium SAVER Shippers
1 cases Large SAVER Shippers
Trip #8 Order
6 cases Tylenol Extended Relief Caplets
10 cases Small SAVER Shippers
5 cases Medium SAVER Shippers
3 cases Large SAVER Shippers
Figure 19 - Pallet Pattern & SAVER Location for Trip 7
43
Small Pallet Medium Pallet
Large Pallet
Figure 20 - Pallet Pattern & SAVER Location for Trip 8
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6.0 RESULTS
Small SAVER Drop Distribution Chart
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Small SAVER Preliminary Trends
The highest amount of drops, ninety-six was collected for
the large size.
3rd
shift dropped the most.
A maximum drop height was observed during the
3rd
shift in
the warehouse.
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Medium SAVER Drop Distribution Chart
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Medium SAVER Preliminary Trends
85 drops were collected. The medium shippers, which are
the heaviest, were dropped the least.
The medium shipper data thus far, endorsed the
19799
chart (Figure 21) that correlates shipper weight with drop
height and probability.
2nd
shift and was responsible for the maximum drop height
,nd is the busiest shift for picking non-palletload
products
'
Scheueneman, Herbert. "Package Drop Testing: What is the Data Really Telling
Us?" Packaging Technology & Engineering (April
1995): 34-37.
Figure 21 - Package Drop Height Data vs. Weight
vs. Probability
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Package Drop Height vs. Weight vs. Probability
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Large SAVER Drop Distribution Chart
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Large SAVER Preliminary Trends
Eighty-six drops of the large shipper were recorded.
2nd Shift dropped the most shippers again.
The maximum drop recorded to date occurred during
2nd
shift with a large shipper.
TABLE 2 - DROP HEIGHTS BY SHIFT
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Small Medium Large
1st shift # of drops 15 31 15
Average 4.501 1.505 3.125
Max 26.808 7.181 20.498
Min 0.732 0.184 0.214
Std dev. 6.415 1.396 5.293
Range 26.076 6.997 20.284
Total number of drops 61
Average of averages 3.044
2nd shift # of drops 34 24 57
Average 2.917 3.89 4.095
Max 14.089 26.947 50.441
Min 0.324 0.264 0.284
std dev. 2.989 6.133 6.868
Range 13.765 26.684 50.157
Total number of drops 115
Average of averages 3.634
3rd shift # of drops 47 30 14
Average 2.129 0.581 0.820
Max 40.723 1.420 2.706
Min 0.284 0.184 0.244
std dev. 5.846 0.352 0.571
Range 40.439 1.236 2.467
Total number of drops 91
Average of averages 1.177
The following histograms show drop
heights based on shipper sizes:
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7.0 CONCLUSION AND RECOMMENDATIONS
This new process has provided the means for collecting
valid drop height data in a warehouse setting. Each
successful trip of the SAVER unit validates the process.
Success metrics were based on the SAVER returning
undamaged and containing data. Only once did a unit return
without any data and after the implementation of a new
process step, this would not happen again. Statistically,
this process was ninety-four percent effective. Due to
process changes, a person utilizing this test in the future
could have a one hundred percent success rate of collecting
valid drop height data.
In addition to creating a useful test, the data
collected during this study will prove very helpful to
McNeil. Preliminary information suggests that the company
is not as familiar with the distribution system as
previously thought. There was a surprising variation in the
number of drops and the height of those drops from one
shift to another. For example, first shift had considerably
fewer drops than the second shift. Research has shown that
different shifts have different roles: warehouse
preparation, picking mixed palletloads, and picking full
palletloads. Prior to this study, this information was not
realized among McNeil package engineers.
As well as creating a process and gathering insight on
the DC, concrete data was collected that can be used for
future reference. Most of the drop heights were typical,
but three large drops occurred during the first two trips.
After analyzing the data, it was determined that further
research on the warehouse procedures and further data
collection needs to be conducted, since statistically, the
drop heights of
40"-50"
should happen only one out of a
hundred times. The SAVER units monitoring Exel captured
two of these high drops during the first trip alone.
Instead of increasing current packaging, the process needs
to be examined to find the root cause of large shipper
drops and subsequent solutions.
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After further studies are run and more data is analyzed,
a specific drop test sequence will be tailored to simulate
the distribution system used by McNeil.
The process has proven to be useful and can be
duplicated or utilized by just about any industry due to
the fact that OTC pharmaceuticals are one of the most
heavily regulated. Without as many restrictions, another
company could use these steps to start collecting data at
once .
FUTURE AREAS OF STUDY
Due to the complexity of distribution, there are many
areas that can be studied in the future. Within J&J alone,
more drop testing, vibration testing, environmental
testing, and compression testing are natural next steps.
Another possible area of study is monitoring the
differences between an air-ride truck and a truck that
utilizes a spring system. This may be especially important
when a fragile product is being shipped or when a company
is faced with the decision of which truck should be used.
A last and final idea is to challenge the 1979 chart
"Package Drop Height vs. Weight vs.
Probability" (Figure
21, page 47) . After studying the data collected, it appears
that this chart has several shortcomings. A correlation is
made between the drop height of a package and the weight,
but the size of the package is not taken into
consideration.
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APPENDIX
TRIP #1 - DROP HEIGHT DATA
Trip # Time Shipper Size Recorded (in) Actual (in)
1 4:15 PM Small 2.050 2.198
1 8: 30 AM Small . 4.700 4.839
1 8:37 AM Small 1.060 1.211
1 10:04 PM Small 1.970 2.118
1 10:06 PM Small 3.320 3.463
1 4: 13 AM Small 6.260 6.394
1 4: 15 AM Small 40.700 40.723
1 12:05 PM Small 26.740 26.808
average 10.969
max 40.723
min 1.211
Std dev. 14.646
1 3:31 PM Medium 1.930 2.078
1 3:40 PM Medium 7.050 7.181
average 4.630
max 7.181
min 2.078
Std dev. 3.609
1 8 36 AM Large 5.450 5.587
1 6 4 3 PM Large 50.450 50.441
1 8 3 6 PM Large 2.010 2.158
1 8 37 PM Large 3.470 3.613
1 8 38 PM Large 0.610 0.762
1 8 3 9 PM Large 2.050 2.198
1 8 3 9 PM Large 5.72 5.856
1 8 3 9 PM Large 1.64 1.789
1 8 41 PM Large 4.52 4.660
1 8 41 PM Large 1.24 1.390
1 8 4 3 PM Large 2.25 2.397
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1 8:43 PM Large 4.95 5.088
1 8:44 PM Large 1.43 1.580
1 8:45 PM Large 0.89 1.041
1 8:59 PM Large 0.56 0.712
1 9:20 PM Large 5.2 5.337
1 9:20 PM Large 0.95 1.101
1 9:28 PM Large 1.64 1.789
1 9:29 PM Large 1.24 1.390
1 9:36 PM Large 3.12 3.264
1 9:39 PM Large 2.88 3.025
1 9:59 PM Large 4.52 4.660
1 10:03 PM Large 1.74 1.889
1 10:04 PM Large 3.47 3.613
1 10:04 PM Large 6.05 6.185
1 10:04 PM Large 3.84 3.982
1 10:04 PM Large 1.5 1.649
1 10:05 PM Large 4.7 4.839
1 10:05 PM Large 1.4 1.550
1 10:05 PM Large 1.21 1.360
1 10:05 PM Large 5.52 5.656
1 10:06 PM Large 8.85 8.976
1 10:06 PM Large 3.02 3.164
1 10:10 PM Large 1.03 1.181
1 10:10 PM Large 0.82 0.971
1 10:10 PM Large 3.57 3.713
1 10:11 PM Large 2.97 3.115
1 10:11 PM Large 3.27 3.414
1 10:12 PM Large 1.93 2.078
1 12:04 PM Large 20.41 20.498
1 8:27 AM Large 0.72 0.872
1 9:05 AM Large 0.46 0.613
average 4.504
max 50.441
min 0.613
Std dev. 8.000
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TRIP #2 DROP HEIGHT DATA
Trip # Time Shipper Size Recorded (in) Actual (in)
2 9:47 AM Small 2.130 2.277
2 11:06 AM Small 6.160 6.294
2 6:07 PM Small 1.020 1.171
2 6:13 PM Small 2.450 2.596
2 6:21 PM Small 7.380 7.510
2 6:21 PM Small 1.120 1.271
2 6:22 PM Small 0.930 1.081
2 10:07 AM Small 1.480 1.629
2 1:57 AM Small 1.070 1.221
2 1:57 7AM Small 1.000 1.151
2 11:31 AM Small 4.820 4.959
2 12:10 PM Small 2.210 2.357
Average 2.793
max 7.510
min 1.081
Std dev. 2.218
2 Medium none -
2 9:51 7AM Large 0.84 0.991
2 9:51 AM Large 1.67 1.819
2 9:51 AM Large 1.82 1.968
2 5:51 PM Large 13.06 13.172
2 6:10 PM Large 4.58 4.719
2 6:21 PM Large 1.56 1.709
2 6:21 PM Large 3.47 3.613
2 6:22 PM Large 2.56 2.706
2 1 :57 7AM Large 2.56 2.706
2 10:41 AM Large 1.36 1.510
2 12:09 PM Large 0.65 0.802
2 12:09 PM Large 2.21 2.357
Average 3.173
max 13.172
mm 0.802
Std dev. 3.334
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TRIP #3 DROP HEIGHT DATA
Trip # Time Shipper Size Recorded (in) Actual (in)
3 10:56 AM Small 2.56 2.706
3 9:55 PM Small 1.40 1.550
3 10:38 PM Small 0.72 0.872
3 10:38 PM Small 1.06 1.211
3 10:40 PM Small 3.95 4.091
3 12:19 AM Small 1.36 1.510
3 12:20 AM Small 3.57 3.713
3 12:21 AM Small 2.78 2.925
3 2:46 AM Small 0.36 0.513
Average 2.121
max 4.091
min 0.513
Std dev. 1.279
3 4:37 PM Medium 1.03 1.181
3 2:18 PM Medium 5.07 5.208
3 9:41 7AM Medium 1.86 2.008
Average 2.799
max 5.208
min 1.181
Std dev. 2.127
3 12:20 AM Large 0.48 0.633
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TRIP #4 DROP HEIGHT DATA
Trip # Time Shipper Size Recorded (in) Actual (in)
4 10:55 AM Small 1.64 1.789
4 10:40 PM Small 2.13 2.277
4 12:21 AM Small 1.18 1.330
Average 1.799
max 2.277
min 1.330
Std dev. 0.474
4 4:12 PM Medium 13.57 13.680
4 10:53 7AM Medium 2.01 2.158
4 10:37 PM Medium 1.09 1.241
4 10:37 PM Medium 1.00 1.151
4 10:49 PM Medium 0.52 0.672
4 11:39 PM Medium 0.24 0.393
4 11:40 PM Medium 0.72 0.872
4 12: 07 7AM Medium 0.77 0.922
4 12:19 AM Medium 1.15 1.300
4 12:20 AM Medium 0.79 0.942
4 12:20 AM Medium 0.70 0.852
4 7: 45 7AM Medium 0.37 0.523
Average 2.059
max 13.680
min 0.393
Std dev. 3.688
4 10:37 PM Large 0.95 1.101
4 10:37 PM Large 2.01 2.158
4 10:37 PM Large 1.93 2.078
4 10:39 PM Large 0.87 1.021
4 10:43 PM Large 2.83 2.975
4 12:19 AM Large 1.30 1.450
4 12:19 AM Large 0.72 0.872
4 12:26 AM Large 1.46 1.609
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Trip # Time Shipper Size Recorded (in) Actual (in)
4 9:53 AM Large 0.97 1.121
4 10:14 AM Large 8.60 8.726
Average 2.311
max 8.726
min 0.872
Std dev. 2.346
60
TRIP #5 DROP HEIGHT DATA
Trip # Time Shipper Size Recorded (in) Actual (in)
5 3:35 AM Small 3.220 3.364
5 9:38 PM Small 1.150 1.300
5 9:59 PM Small 1.560 1.709
Average 2.124
max 3.364
min 1.300
Std dev. 1.093
5 4:52 PM Medium 12.270 12.384
5 3:58 AM Medium 1.270 1.420
5 4: 31 AM Medium 0.150 0.304
5 12:56 PM Medium 0.170 0.324
Average 3.608
max 12.384
min 0.304
Std dev. 5.874
5 4:50 PM Large 15.800 15.903
5 12:56 PM Large 0.360 0.513
Average 8.208
max 15.903
min 0.513
Std dev. 10.882
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TRIP #6 DROP HEIGHT DATA
Trip # Time Shipper Size Recorded (in) Actual (in)
6 4:53 PM Small 0.820 0.971
6 3:35 AM Small 1.600 1.749
6 9:58 AM Small 1.740 1.889
6 10:12 AM Small 5.450 5.587
average 2.549
max 5.587
min 0.971
std dev. 2.065
6 4:52 PM Medium 26.880 26.947
6 3:58 7AM Medium 0.320 0.473
average 13.710
max 26.947
min 0.473
std dev. 18.720
6 9:28 PM Large 0.650 0.802
6 9:30 AM Large 0.060 0.214
average 0.508
max 0.802
min 0.214
std dev. 0.416
Trip #7 Drop Height Data
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Trip # Time Shipper Size Recorded (in) Actual (in)
7 4:16 PM Small 4.010 4.151
7 4:23 PM Small 0.540 0.692
7 4:35 PM Small 7.200 7.331
7 6:59 PM Small 4.700 4.839
7 9:27 PM Small 3.630 3.772
7 10:56 PM Small 0.740 0.892
7 11:56 PM Small 0.170 0.324
7 12:20 AM Small 0.190 0.344
7 12:20 AM Small 0.410 0.563
7 12:21 AM Small 0.630 0.782
7 12:23 AM Small 0.370 0.523
7 12:23 AM Small 0.950 1.101
7 12:26 AM Small 0.950 1.101
7 12:26 7AM Small 1.640 1.789
7 12:26 AM Small 0.340 0.493
7 12:47 AM Small 0.310 0.463
7 12:47 AM Small 0.130 0.284
7 12:47 AM Small 1.360 1.510
7 12:51 AM Small 0.740 0.892
7 12:51 AM Small 0.670 0.822
7 12:51 AM Small 0.770 0.922
7 12:52 AM Small 1.890 2.038
7 12:53 AM Small 0.540 0.692
7 12:53 AM Small 0.540 0.692
7 1:01 AM Small 0.790 0.942
average 1.579
max 7.331
min 0.284
std dev. 1.776
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7 4:34 PM Medium 2.250 2.397
7 6:58 PM Medium 1.560 1.709
7 6:58 PM Medium 4.950 5.088
7 9:25 PM Medium 2.250 2.397
7 10:56 PM Medium 1.300 1.450
7 11:03 PM Medium 3.520 3.663
7 12:21 PM Medium 0.790 0.942
7 12:21 PM Medium 0.580 0.732
7 12:22 PM Medium 1.030 1.181
7 12:22 PM Medium 1.120 1.271
7 12:23 PM Medium 1.560 1.709
7 12:24 PM Medium 1.530 1.679
7 12:25 PM Medium 0.790 0.942
7 12:25 PM Medium 0.500 0.653
7 12:26 PM Medium 1.330 1.480
7 12:46 PM Medium 0.740 0.892
7 12:49 PM Medium 1.180 1.330
7 12:50 PM Medium 0.200 0.353
7 12:51 PM Medium 1.360 1.510
7 12:52 PM Medium 1.500 1.649
7 12:52 PM Medium 0.360 0.513
7 12:53 PM Medium 1.820 1.968
7 12:53 PM Medium 1.820 1.968
7 12:53 PM Medium 0.310 0.463
7 12:53 PM Medium 0.790 0.942
7 12:53 PM Medium 1.210 1.360
7 12:56 PM Medium 1.090 1.241
7 12:59 PM Medium 1.270 1.420
7 12:59 PM Medium 0.630 0.782
7 1:01 AM Medium 0.480 0.633
7 1:01 AM Medium 0.950 1.101
7 1:03 AM Medium 0.170 0.324
average 1.429
max 5.088
min 0.324
std dev. 0.961
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7 4:34 PM Large 16.020 16.122
7 9:25 PM Large 1.600 1.749
7 10:46 PM Large 0.280 0.433
7 10:56 PM Large 0.250 0.403
7 10:56 PM Large 0.130 0.284
7 10:59 PM Large 0.390 0.543
7 10:59 PM Large 0.210 0.363
7 12: 19 AM Large 0.150 0.304
7 12:20 AM Large 0.160 0.314
7 12:20 AM Large 0.410 0.563
7 12:20 AM Large 0.370 0.523
7 12:21 AM Large 0.410 0.563
7 12:22 AM Large 0.450 0.603
7 12:23 AM Large 0.090 0.244
7 12:51 AM Large 0.630 0.782
7 12:52 AM Large 0.890 1.041
7 12:56 AM Large 1.640 1.789
7 12:01 PM Large 0.480 0.633
average 1.514
max 16.122
min 0.244
std dev. 3.673
Trip #8 Drop Height Data
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Trip # Time Shipper Size Recorded (in) Actual (in)
8 4:35 PM Small 9.440 9.564
8 4:38 PM Small 1.090 1.241
8 5:07 PM Small 5.780 5.915
8 5:07 PM Small 13.980 14.089
8 6:58 PM Small 3.900 4.042
8 9:25 PM Small 1.150 1.300
8 9:27 PM Small 1.530 1.679
8 11:03 PM Small 2.090 2.237
8 11:45 PM Small 0.200 0.353
8 11:55 PM Small 0.580 0.732
8 11:55 PM Small 0.480 0.633
8 12:20 7AM Small 0.890 1.041
8 12:20 AM Small 1.030 1.181
8 12:21 AM Small 0.740 0.892
8 12:21 AM Small 0.820 0.971
8 12:21 AM Small 0.520 0.672
8 12:22 M Small 0.360 0.513
8 12:23 AM Small 0.890 1.041
8 12:26 AM Small 0.890 1.041
8 12:50 AM Small 1.060 1.211
8 12:51 AM Small 0.540 0.692
8 12:52 AM Small 1.400 1.550
8 12:53 AM Small 0.700 0.852
8 12:53 AM Small 0.720 0.872
8 12:53 AM Small 1.600 1.749
8 12:58 AM Small 0.610 0.762
8 1:01 AM Small 1.820 1.968
8 1:01 AM Small 0.840 0.991
8 1:02 AM Small 1.360 1.510
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Trip # Time Shipper Size Recorded (in) Actual (in)
8 12:01 PM Small 3.320 3.463
8 10: 17 7AM Small 0.58 0.732
8 11:14 AM Small 0.82 0.971
average 2.324
max 14.089
min 0.353
std dev. 3.312
8 4:34 PM Medium 1.090 1.241
8 6:58 PM Medium 5.130 5.268
8 9:26 PM Medium 1.270 1.420
8 9:27 PM Medium 8.120 8.248
8 10:56 PM Medium 0.170 0.324
8 11:03 PM Medium 0.130 0.284
8 11:03 PM Medium 0.480 0.633
8 11:34 PM Medium 0.290 0.443
8 11:47 PM Medium 0.110 0.264
8 12:20 AM Medium 0.460 0.613
8 12:20 AM Medium 0.100 0.254
8 12:22 AM Medium 0.260 0.413
8 12:23 AM Medium 0.060 0.214
8 12:31 AM Medium 0.040 0.194
8 12:45 AM Medium 0.160 0.314
8 12:47 AM Medium 0.170 0.324
8 12:47 AM Medium 0.060 0.214
8 12:50 AM Medium 0.920 1.071
8 12:50 AM Medium 0.110 0.264
8 12:51 AM Medium 0.030 0.184
8 12:51 AM Medium 0.250 0.403
8 12:52 AM Medium 0.190 0.344
8 12:52 AM Medium 0.580 0.732
8 12:53 AM Medium 0.130 0.284
8 12:53 AM Medium 0.480 0.633
8 12:54 AM Medium 0.740 0.892
8 12:56 AM Medium 0.410 0.563
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8 12:59 7AM Medium 0.220 0.373
8 1:01 AM Medium 0.740 0.892
8 10:31 AM Medium 0.030 0.184
average 0.916
max 8.248
min 0.184
std dev. 1.667
8 4:34 PM Large 5.130 5.268
8 5:07 PM Large 5.980 6.115
8 9:25 PM Large 0.630 0.782
8 11:03 PM Large 1.270 1.420
8 12:20 7AM Large 0.430 0.583
8 12:25 7AM Large 0.630 0.782
8 12:47 AM Large 0.370 0.523
8 12:51 AM Large 0.280 0.433
8 12:52 AM Large 0.580 0.732
8 12:53 AM Large 0.370 0.523
8 12:53 AM Large 0.540 0.692
8 1:01 AM Large 0.450 0.603
average 1.538
max 6.115
min 0.433
std dev. 1.964
